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Abstract-The analysis and prediction of stock market has 
always been well recognized as a difficult problem due to the 
level of uncertainty and the factors that affect the price. To tackle 
this challenge problem, this paper proposed a hybrid approach 
which mines the useful information utilizing grey system and 
fuzzy risk analysis in stock prices prediction. In this approach, 
we firstly provide a model which contains the fuzzy function, k­
mean algorithm and grey system (shorted for FKG), then provide 
the model of fuzzy risk analysis (FRA). A practical example to 
describe the development of FKG and FRA in stock market is 
given, and the analytical results provide an evaluation of the 
method which shows promote results. 
Index Terms-Grey system risk analysis equity risk prediction 
I. INTRODUCTION 
On January 2 1, 2008, a severe "stock disaster" happened 
over the whole world, the stock market of India had once gone 
down 9%; and gone down 7% in Germany. As a consequence, 
banking stocks were forced to sell at very low prices. The 
global investors worried about the situation of American 
economic recession though the American government just put 
forwarded the plans of stimulating economic growth. Under 
the recession, the tide of finance stocks swept the world, 
it led the stock of Asia- Europe to fall seriously, and thus 
the stock disaster happened again. Due to this the stock risk 
prediction becomes the core of great attention. In order to 
reduce or eliminate risks, people studied and proposed a 
variety of risk analysis methods, because grey system has its 
advantages in predicting uncertain problems and the nature of 
the risk is uncertainty, therefore the grey system and fuzzy 
risk analysis can together in studying of unceltainty methods. 
In general, uncertainty can be divided into two categories, 
one is stochastic uncertainty, and the other is epistemic of 
knowledge-based uncertainty. Study the method of random 
uncertainty is generally based on probability, and study the 
cognition uncertainty generally comes down to application of 
fuzzy mathematics theory method. This article discussed the 
following risk were assumed to be caused by the cognition 
uncertainty, and thus it can be used by fuzzy risk analysis 
method. First, we use the FKG model to predict the stock 
market with chose data. That is with the knowledge of k-means 
algorithm, fuzzy process and GM(I,I) approaches. Then we 
use the method of FRA to analysis the risk of the stock. This 
process can be seen from figure 1, which will be discussed 
step by step in the following sections. 
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Decision Predict results 
Fig. 1. FKG FRA Model 
II. FKG MODEL ApPROACH 
In order to avoid the model of fitting curve fluctuating too 
large, and ultimately affect the reliability of predictions; We 
will processes the data based on the traditional GM model 
we will combined fuzzy mathematic , k-means and GM( 1,I) 
model together, then get the corresponding model. The steps 
are as following : 
295 
1) Using k-means method, cluster the opening price of each 
month, here we divide them into five categories. 
2) Get the elements of each class separately according to 
cluster centers, Then take the average value 
of each class element as a new cluster center, to see 
whether the elements of the reclassification is differ­
ent from the first one, if there have any changes, re­
clustering again, until all the elements belong to only 
one class absolutly. 
3) Fuzzy processing the cluster center we get, fuzzy func­
tion is J1 (x) = e-O.OI6x , Then sorting the data, recorded 
as XO,XI, ... ,Xn, YO,YI, ... ,Yn, where Xo < Xl <, ... < 
Xn and Yo < YI < ... < Yn· 
4) We can get the simple FKG grey system model af­
ter substituting (xo,Yo) , (xI,yd , (X2,Y2) , (X3,Y3) , 
... , (xn' Yn) , into fonnula ( 1). For the values of 
xo, Xl, ... , Xn, Yo, YI, ... , Yn we obtained above, similarly 
Xo < Xl <, ... < Xn and Yo < YI < ... < Yn, here y (x) 
is a function about X , and is the solution of Cauchy 
problem as following: 
{ dy / dx + ay = b 
y (xo) = Yo 
"IEEE 
(I) 
discretize (I)-type we can get: Yi=Yx
i
.
-l + a Yi+�i-l = b, x� �- 1 
i = 1,2, ... ,n. 
That is a Yi+Yi-l - b = Yi -Yi-l which can be expressed 2 Xi -Xi-I' using matrix as: 
(2) 
We can solve a, b by using the least squares method, 
substituted into formula ( 1), we can find the solution 
for the FKG model is: 
b b 
y(x) = (Yo - - )e-a(x-xo) + - (3) 
a a 
III. DEV ELOPMENT OF FRA METHOD 
It abided by the following methods and steps when the FRA 
method applied to the project risk analysis Decomposition of 
the project The purpose of risk analysis is to strive for the 
size of its risk; the size of the risk is called risk degree. 
As mentioned earlier, the risk analysis projects in this paper 
were caused by the perception uncertainty, and therefore its 
risk degree could be expressed by fuzzy numbers. Because of 
the complexity of the risk, it often needed to break down the 
project before risk analysis. It was assumed that the project 
analyzed is P, and its subprojects were Pl,P2, ... ,Pn. Let the 
risk degree of P was R, and the risk degree of Pl, P2, ... , Pn 
were respectively Rl, R2, ... , Rn. As the subproject is rela­
tively simple, therefore it assumed that the risk degree of each 
subproject can be given, otherwise it proceed in accordance 
with the above method to resolve. Since the impact of each 
risk degree Ri of subproject on the overall risk degree R is 
different, so it should also be given the affect degree Wi of 
each subproject Ri to the overall risk degree R. Then the 
risk and impact degree are often unable to use mathematical 
language to describe, but only with the fuzzy natural language. 
The impact degree Wi can be described as "the impact of its 
subprojects after the subprojects had risks was great, small 
and so on". Because Ri and Wi were in natural language to 
describe, therefore it needed to be translated into mathematical 
language in order to calculate the overall risk level, thus the 
reviews fuzzy number table needed to establish. 
A. Establish the reviews fuzzy number table 
The so-called reviews fuzzy number table was first neces­
sary to establish a complete list of reviews; the reviews should 
also be assigned to each fuzzy value. Here the fuzzy number 
used trapezoid representation. A complete list of reviews is 
usually a "five divided method" or "nine divided method". 
Table I is a typical example of "nine divided method". [Note: 
The reviews of fuzzy numbers are usually given by the experts] 
The risk degrees Ri of each subproject and the impact 
degrees Wi of each risk degree on the overall risk degree R 
were in contrast with the reviews in Table I . Then the fuzzy 
value of Ri and Wi could be derived. 
TABLE I 
Fuzzy NUMBER TABLE 
remark (natural language) fuzzy value 
Very low (Ell El-(O.O, 0.0, 0.0, 0.0; 1.0) 
Rather low (E2) EF(O.O, 0.0, 0.02, 0.07; l.0) 
Low (E3) E3=(0.04, 0.1, 0.18, 0.23; 1.0) 
remark (natural language) fuzzy value 
Lower (E4) E4=(0. 17, 0.22, 0.36, 0.42; l.0) 
Middle (E5) E5=(0.32, 0.41, 0.58, 0.65; l.0) 
Rather high (E6) E6=(0.58, 0.63, 0.80, 0.86; l.0) 
Rather high (E7) E7=(0.72, 0.78, 0.92, 0.97; l.0) 
Higher (Es) Es=(0.93, 0.98, 1.0, l.0; l.0) 
Very high (Eg) Eg=(1.0, 1.0, 1.0, 1.0; 1.0) 
B. Calculate the overall degree R of risk 
After calculate each fuzzy value of Ri and Wi, fuzzy value 
of the overall risk degree R could be calculated. The algorithm 
was as follows: 
R = 2::�=1 Wi 
X R; 
2::�=1 Wi 
(4) 
Note that addition and multiplication in this formula were 
fuzzy operator, they were different from the usual sense. 
C. Natural language descript overall risk degree R 
The fuzzy value R of overall risk degree can be calculated 
through type (1), but it is described by fuzzy mathematical 
language, and it is not easy to understand for decision mak­
ers or stakeholders, so it should be translated into natural 
language. Usually, the fuzzy value of R was not correspond 
directly with the fuzzy value of a certain review in Table I , 
therefore it was calculated R and close degree N(R, Ei) of 
fuzzy review value. Close degree N(A, B) is a real value, 
which can be expressed as proximity of two fuzzy numbers 
A and B. If the close degree between R and a certain review 
in table I is maximum, then the overall risk degree can be 
used to describe the reviews. For example, if the close degree 
N(R, E3) between R and the fuzzy value (0.93, 0.98, 1.0, 
1.0; 1.0) of "High" in Table I is maximum, then the project 
is illustrated in high degree of risk, the further analysis was 
needed to implement. 
Let if = (al, a2, a3, a4; Wl), B = (bl, b2, b3, b4; W2), then 
the specific algorithmic of N(if, B) as follows: first of all, the 
gravity center of if and B and should be calculated, that is 
xA'*'YA'* andxI/'YB*' 
Then the close degree N(A, B) can be calculated as 
[1 - 2::  11 ai -bi I] x (1 - IxA'* -x]'j* I ) B(SA'SE') 
minCYA"� 'YE") 
X ma x(YA "YE') 
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(6) 
TABLE II 
OPENING PRICES OF THE PING-AN COMPANY OF CHINA IN MARCH, 
APRIL,MAY 
March April May 
3 1.930 38.950 39.780 
30.130 39.030 41.110 
34.200 40.760 40.800 
33.500 40.500 4 1.020 
34.400 40.030 40.850 
32.500 39.500 4 1.600 
35.500 4 1.580 40.700 
34.120 43.000 4 1.300 
35.710 42.500 40.850 
36.150 42.460 40.410 
36.750 42.600 39.750 
37.100 4 1.800 40.890 
36.600 42.260 4 1.190 
37.400 4 1.4 10 40.200 
36.350 4 1.300 39.280 
39.500 39.670 38.600 
38.150 40.590 39.340 
38.450 39.610 38.810 
39.710 38.020 
38.700 37.660 
36.920 39.490 
TABLE ill 
CLUSTER CENTERS AFTER FUZZY PROCESSING 
where B(SX' BE) = {� 
BE = b4 - bl 
IV. THE APPLICATION OF FKG AND FRA 
In the step 2 and 3 the illustration of FKG and FRA is 
given, in the following an example to describe the development 
of FKG and FRA in stock market is given. Now an investor 
determined whether to purchase a stock, he needed to judge 
the risk of the stock, if the risk was high, it will be not bought. 
In Table I I we have list March, April, May of three months 
stock opening prices of the Ping An company of China in 
2009 
According to the above steps, we use matlab7.0 to cluster 
the date, that is (Table I I I ): 
Substitute Xk, Yk (k = 0,1,2,3,4) into (6) we can obtain: 
[0.0044 
0.0035 
0.0049 
0.0070 
-1
] 
[0.4916] 
-1 [a] 
= 
0.7396 
-1 b 0.6218 
-1 0.5783 
After using the least squares method we can get 
{a = 3.0222 
b = 2.0517 
Substituting a, b into (1) we can get 
Y = 0.6789 - 0.8741e-
3. o22x (7) 
TABLE IV 
THE RESULTS AND RELATIVE ERROR PREDICTED BY THE SIMPLE FKG 
GRAY SYSTEM MODEL 
,. 0 1 2 3 4 
x" 0.5366 0.5545 0.564 1 0.5797 0.6039 
y" 0.5162 0.5150 0.522 1 0.5318 0.5458 
yA" I 0.5153 0.5200 0.5274 0.5380 
e" I 0.1% 7.82% 8.3% 1.43% 
Then we substitute Xk into (7), we can get the corresponding 
Yk and relative error ek, ek = Yk-Uk as following (Table IV Yk ): 
We can see from the table that its maximun error is 8%, 
which is somewhat worthy of belief. In the following we will 
use this method to predict the next month price, and get the 
subproject of this stock. 
A. Predict about the stock price in May 
Here we will predict the cluster center in May using the 
historical data in April. That is to say, we will forecast the 
volatility center of the stock opening price in May Yo, Yl, Y2, 
Y3, Y4 are input data. Inputting them into the fitting curve, we 
can get the corresponding function value, and then we can get 
the following data after reduction them by the fuzzy function 
43.9246, 43.8994, 4 1.9738, 40.5095, 39.0609. According to 
the previous steps, we can know that the cluster center in May 
are as following: 38.7050, 39.5375,40.3050,40.85 17,4 1.3000. 
Forecast results tell us that the stock price in May are between 
39 and 44,basically the same as three cluster center in May, 
the rate of its accuracy is more than 60%. In fact from table 
I I we can see that about more than 76% of the stock opening 
price are between 40.2 and 42, they are all between 39and 
43.9, Forecasting results in line with the stock movements. 
Also we can see from the figure 1, the price about this kind 
of stocks will increase slowly in the recent period of time. 
B. Application example of FRA method 
1) The stock recorded as A, it was broken down into 
three subprojects Al, A2, A3, where Al represented 
macroeconomic factors, A2 represented micro economic 
factors, A3 represented stock market factors, because the 
stock price in May is higher than before, we given the 
decision of Al is low both in subproject and impact 
degree, meanwhile according to the policy-making we 
get the following judgment, risk degree R of project A: 
Rl low, Wl low 
R2 middle, W2 rather high (E6) (8) 
R3 rather high (E7), W3 rather low 
where Ri is risk degree, i = 1,2,3, and Wi is impact 
degree, i = 1,2,3. 
2) According to Table II , the value of Rl, R2, R3 and 
Wl, W2, W3 could be derived in this case. 
3) With the use of formula ( 1) , it could be calculated 
R = �r=lWi x Ri (9) 
297 
=[ (0.04,0. 1,0. 18,0.23; 1.0) 
(0.04,0. 1,0. 18,0.23; 1.0)+(0.32,0.4 1 ,0.58,0.65; 1.0) 
0.58,0.63,0.80,0.86; 1.0+(0.72,0.78,0.92,0.97; 1.0) 
(0.0,0.0,0.02,0.07; 1.0)] 1[(0.04,0. 1,0. 18,0.23; 1.0) 
+(0.58,0.63,0.80,0.86; 1.0)+(0.0,0.0,0.02,0.07; 1.0)]= 
(0. 16 14, 0.2683, 0.7052, 1.095; 1.0) 
4) Calculate the close degree between R and 
each fuzzy numbers of reviews, it used the 
algorithm provided by literature [6], it can be 
obtained N(R, Ed=0.1565, N(R, E2)=0.1962, 
N(R, E3)=0.3226, N(R, E4)=0.5092, N(R, E5) 
=0.7056, N(R, E6)=0.5828, N(R, E7 )=0.4545, 
N(R, Es)=0.29375, N(R, Eg) =0.239 1. 
By comparison, we can be found, N(R, E5)=0.7056 is 
the maximum, and overall risk level R is the closest to 
the E5, thus the risk of the project is medium to arrive 
at the conclusion can be purchased. 
V. CONCLUSION AND FURTHER WORK 
As many factors in stock market are changing from time 
to time, we adopt the idea of changing the qualitative 
problem into the quantitative problem. We got the stock 
price by using the hybrid method of fuzzy math, k­
means algorithm and grey system, and also the method 
of risk analysis is used in the risk project of random 
uncertainty and cognition uncertainty, which gives a 
full consideration of micro and macro economic factors. 
Both theoretical and experimental results show that FRA 
method is a feasible and effective analysis method. 
Needless to say, there are also some shortcomings about 
FRA means, such as the FRA method requires analysis 
have a clearer understanding of the problem when break 
down the issue, while the accuracy of fuzzy reviews 
table in the calculation process and the specific options 
of computation model will affect the accuracy of the 
results of the analysis. However, as a new approach 
to deal the qualitative issues with quantitative theo­
ries, FRA method is undoubtedly of great theoretical 
significance, it will be improved steadily as the fuzzy 
theory, FRA practice in risk management will play an 
increasingly import effect. In a conclusion, this paper 
made an evaluation of weather to buy stock by the 
FKG and FRA method. A reliable basis for investors 
in purchasing stocks is provided, and it increases the 
scientific decision-making. 
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